INTRODUCTION
Unmanned Aerial Vehicles have become an integral part in various fields. They are used in situations in which actual presence of pilots may be unsafe due to dangerous or biologically hazardous environments. Unmanned Aerial Vehicles can be fit with a high resolution camera that can be used aerial photography or video recording. The aerial photography applications range from documentary of wildlife to military stealth surveillance applications. Image processing techniques can also be applied for the procured images as well as for object identification during surveillance missions. The video captured during flight can be directly streamed by the pilot, enabling him to remotely control the UAV thousands of meters away. UAVs can be completely automated using various sensors such as ultrasonic sensors to achieve autonomous motion with obstacle avoidance capabilities in very close spaces. Autonomous control can be applied in situations where there are blind spots and accurate manual control cannot be achieved. Micro Aerial Vehicles are used in search and rescue missions which are almost impossible to carry out manually with limited ground vision of the terrain and inability to locate or approach hurt civilians trapped under large chunks of debris or inaccessible paths. UAVs are utilized in 3-D image of environment and obtaining information such as temperature, pressure and moisture content in hazardous environments for research applications.
II. MASTER / SLAVE CONTROL THEORY
This paper introduces a novel concept of Master and Slave control theory and an insight into the involved intercommunication between several Unmanned Aerial Vehicles. This control theory is based on a model of communication between several electronic devices in which one device holds complete domination over the others. The latter device is known as the master while the other devices are known as slaves. In case of several Unmanned Aerial Vehicles, one UAV acts as a master while the others act as slaves. The slaves acquire information from the surrounding using sensors such as pressure, temperature and ultrasonic sensors and transmit the data to the centralized master UAV which processes the acquired data. The master UAV, after processing the data, sends the required instructions to individual slave UAVs to carry out their specific tasks. The slave UAVs are also capable of communicating with each other through the centralized master UAV enabling them to effectively split their actions to complete the required task in minimal time. The 'Master and Slave' control theory is very effective in completing complex tasks where proper synchronization between devices is required. The master UAV can also be linked with a ground station [1] ( e.g. laptop) through which all the input transferred to the master UAV from the slave MAVs. The user at the ground station can stream videos captured by video cameras attached to the slave MAVs by utilising the master UAV as a intermediate medium for communication. Therefore surveillance over a wide range of area can be established. 
III. HARDWARE

IV. HARDWARE CONNECTIONS AND CONTROL CIRCUIT
Linux C is used as the operating system for controlling the actions of the master and slave quad rotor system. In the proposed system two Raspberry Pi (Model B) components, programmed and augmented with a Linux operating system [2] , are placed on the frame of the master quad rotor and in the Ground Control location respectively. The Raspberry pi controllers in the master quad rotor and the Ground Control location are wirelessly connected. Instructions from the Ground Control location are directly transmitted to the master quad rotor using the Linux operating software and Raspberry pi controllers. The Raspberry pi microcontroller in the master quad rotor is connected to an Arduino Leonardo microcontroller. The Leonardo microcontroller mainly helps in stabilizing the quad rotor with the help of attached three axis Accelerometers, Gyroscopes and Magnetometers. The master quad rotor is designed to carry a satisfactory amount of payload and has very high processing power. The slave MAVs [3] are attached with Arduino Nano and connected wirelessly to the master quad rotor using a GSM or wireless shield. The master quad rotor and the slave MAVs are provided with obstacle avoidance capabilities by addition of ultrasonic sensors and infrared sensors [4] [5] .The data acquired by the MAVs during surveillance, such as images, are not only processed by their individual microcontrollers but also transmitted to the master UAV where secondary processing takes place. The acquired data are also transmitted to the user at the ground control station. The master UAV sends the necessary instructions to the slave MAVs based on the processed data Fig. 1 .Interaction between UAV-MAV system and surrounding. As shown in the above Fig. 1 , a longer distance and wider area can be covered by utilizing master and slave control theory to UAV systems. The Ground Control Station might not be able to directly communicate with slave MAVs with satellites at very long distances. However when master UAVs are used as a central medium for communication with other UAVs, surveillance missions can be carried out at much longer distances in a lesser time duration [6] . This system also offers another significant advantage. The MAVs do not have to process all the collected information individually. The information obtained by the MAVs can be directly transferred to the master UAV for processing owing to its high processing capability. The master UAV can also be augmented with extra microcontrollers to further improve its processing capabilities. 
V. PERFORMANCE ANALYSIS OF MASTER /SLAVE SYSTEM
The analysis of the various factors influencing the performance of the UAV is presented. The source battery (6000 mAh) provides a maximum voltage of 14.8V at ideal conditions (w/o losses).This analysis takes into consideration the internal resistance (R1≈0.0322 Ω) and thus, the voltage drops accordingly. By consideration of the losses imparted by the motor resistance (R2≈0.052Ω), we get the corresponding Output power transmitted to the shaft of the motor as [7] :
Where, Io is the no-load current. The efficiency is given by:
The RPM achieved is given by [8] :
Where, Kv is the motor velocity constant The thrust achieved by a single rotor [9] 
VI. BALANCING SHIFT IN CENTER OF GRAVITY
When need arises for flight of particular pattern arrangement of MAV's such as flight of two adjacent MAV's , any three MAV's or a single MAV's, the Master UAV faces a shift in center of gravity from its center. This shift needs to be compensated for the UAV to sustain a stable flight (Fig. 6) . The following formula [10] provides the distribution of the total thrust(F Total ) so as to maintain a stable flight at hover conditions. Where, F 2 is Thrust value of the rotor close to the shift center of gravity while F 1 is the thrust value of the of rotor further away from the shifted center of gravity, X is the shift in center of gravity and L represents half the distance between the motors. The design of master and slave quad rotors are analyzed using NX 8.0 Nastran. Apart from the proposed design, the analysis holds true for all general design of quad rotor frames used worldwide.
X.
Master Quadrotor Frame Analysis 10.1 Displacement . Reaction at the frame locations at which the master quad-rotor is initially held before take-off. From the above analysis of the master quad rotor design, it is evident that the design is feasible with negligible deformation. It can be concluded that maximum deformation takes place at the end of the arms, where the motors are located. From the above analysis using NX 8.0 Nastran, we can conclude that the design of the slave bi-copter has negligible deformation. However the system can be augmented by increasing the material thickness at the center.
XI. SLAVE BI-ROTOR ANALYSIS
XII. CONCLUSION
The modelled design of the frames of the master and slave vehicles are analysed for deformation, stress and reaction forces using Nastran and are found to be feasible for utilisation in fabricating the swarm controlled UAV system. The components for utilization and hardware connections of the complete system are provided. Moreover, the efficiency of the system based on the selected components is theoretically calculated and results are graphically plotted.
